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Abstract
 
Precision agriculture (PA), uses information technology, such as sensors and 
mapping applications, to help farmers manage crop and soil variability.  The goal 
of these technologies is to optimize the use of inputs and reduce environmental 
impacts. A growing body of research has shown the value of this approach in both 
large and small scale farming operations.  However, little is known about the 
potential for PA in urban agriculture, which accounts for some 20% of food 
production worldwide. Our project explored the interactions between PA 
technology and community gardeners in Thessaloniki, Greece. We found that 
motivations for gardening, gardening practices, and community dynamics 
influenced attitudes toward the technology.	 	
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Introduction 
 Starting in the 1980s, farmers began using 
sensors to get information about their soil 
conditions. They would then manually map out this 
information to understand the heterogeneity of their 
soil. Developments of precision agriculture (PA) 
have changed farming practices. PA uses precision 
agriculture technology, such as sensors and 
mapping applications, to help farmers manage crop 
and soil variability. Precision agriculture has many 
benefits. Different areas of land require varied 
amounts of watering and maintenance. Precision 
agriculture tells the farmer exactly what their crops 
need so they can use inputs - such as water, 
fungicides, pesticides, and fertilizers - more 
effectively. This use of monitoring and spatial data 
both saves resources and helps increase crop yields, 
making farming more sustainable and efficient 
overall. The decreased resource use is also 
beneficial to the environment, as it limits pollutants 
spread and water wasted.  
The growing integration of sustainable 
agriculture, as well as local food cultivation 
movements, has led urban cultivators to address 
issues of food insecurity and local economic 
development (Cumbers, Shaw, Crossan, & 
McMaster, 2017; RUAF Foundation, 2018). Urban 
municipalities around the globe have begun 
supporting this shift in food production, resulting in 
15-20 percent of the world’s food being grown by 
800 million urban residents (Ngumbi, 2017). 
Initiatives such as the Urban Gardening Program in 
the United States, aim to promote vegetable 
gardening in cities across the country, in order to 
inspire community engagement, resulting in 
stronger communal networks.  
 Similar initiatives are also being 
implemented in urban areas of Thessaloniki, 
Greece. Since the economic crisis in 2009, the city 
has proposed several green initiatives – outlined in 
the Thessaloniki Resilience Strategy -- which focus 
on allocating resources to promote community 
gardening throughout the city to support sustainable 
agriculture and strong communities. Examples of 
community gardens that have been established, both 
with and without municipal support, include 
PER.KA, KIPOS3, and Neapoli Sykies.  
A growing area of research is the integration 
of precision agriculture technologies in urban 
community gardens. Researchers are working to 
identify optimal networks for human-computer 
interactions that help facilitate interpersonal 
engagement and community participation 
(Heitlinger, Bryan-Kinnis, & Jefferies, 2013). One 
of many examples of this form of experimental, 
community-based precision agriculture being 
implemented in a community garden occurs in 
Budapest, showing potential of technology to 
promote sustainable cultivation (Englstad, 2015).  
The goal of this project was to identify 
perspectives of precision agriculture in community 
gardens in Thessaloniki, Greece. While identifying 
these perspectives, we have explored opportunities 
where precision agriculture technologies are seen to 
have value and can be implemented. To achieve this 
goal, we conducted field work at three community 
gardens in Thessaloniki. We aided participants in 
setting up precision agriculture devices and 
discussed the uses of the technology to identify 
strategies that could make the technology better-
suited for community gardens in Greece. 
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Background 
Precision Agriculture practices 
have advanced food production 
on a large scale  
Farming can have detrimental effects on 
land and water bodies if environmentally 
sustainable practices are not used. According to the 
World Wildlife Fund (2018), the conversion of 
natural habitats into monocultures -- the cultivation 
of a single crop in a given area -- reduces 
biodiversity and destroys ecosystems. Large scale 
farming requires the clearing of land including 
deforestation, farming practices such as ploughing 
loosen top soil resulting in erosion, and the use of 
pesticides and fertilizers pollutes waterways. 
Additionally, farming is the leading source of 
pollution in many countries. Pesticide use in fields 
has increased over 26 times in the past 50 years 
(WWF, 2018). Due to improper management of 
irrigation, fertilizers and pesticides have commonly 
run-off fields adjacent to rivers and lakes, 
contaminating groundwater sources.  Large scale 
farming also requires significant water, with 
estimates suggesting that agriculture uses about 
70% of the world’s freshwater supply (WWF, 
2018). 
The European Union Water Framework 
Directive (WFD) (Directive 2000/60/EC) 
established in 2000 aims to increase the availability 
of fresh-water through “good ecological status” 
(European Commission, 2000, p.2). Mediterranean 
countries like Greece are the biggest culprits, using 
much more than the European average amount of 
water for agriculture (European Commission, 
2000). As of 2014, Greece uses 86% of its water 
supply for agriculture, which is 62% over the 
European Union (EU) average of 24% 
(Adamantopoulou, 2014). Recent reforms to the 
Common Agricultural Policy (CAP), a system 
operated by the EU to provide subsidies and support 
programs to the agricultural sector, point towards 
the necessity of environmentally-friendly 
production of high quality food (Kountinos et al., 
2017).  
At the very core of changes towards more 
sustainable agricultural practices, are the individual-
level decisions made by farmers (Matthews et al., 
2008).  As farmers transform information into work 
practices, it has been argued that an appropriate way 
to enhance sustainability in the agricultural sector is 
to use emerging technologies to help farmers focus 
on everyday practices and routines (Pierce et al., 
2013). One such technology is precision agriculture. 
PA is a farming management concept that 
provides a holistic systems approach to managing 
the spatial and temporal crop and soil variability. 
This is administered within a field in order to 
increase profitability, optimize yield and quality, 
and reduce costs and environmental impact 
(Stafford, 2000; Fountas et al., 2005; Reichardt & 
Jürgens, 2009; Aubert et al., 2012). Reducing 
environmental impacts can help sustain drinkable 
water sources for the growing global population. PA 
technologies have been in use since the mid-to-late 
1980s (Zhang et al., 2002) and commercially 
available since the early 1990s (McBride & 
Daberkow, 2003). Professors of Agricultural 
Engineering and Plant and Soil Sciences, Marvin 
Stone and William Raun (2015), argue that PA has 
been extremely beneficial over time, as users gain 
an understanding of crop growth needs while 
obtaining real-time feedback on crop health. 
Precision technology sensors provide insight to their 
users, so they can formulate a plan to ensure 
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increased crop production and higher sustainability 
(Stone & Raun, 2015).   
One illustration of precision agriculture 
feasibility can be found in Kenya, where researcher 
Mattia Zeni and colleagues (2015), specializing in 
telecommunication experimentation for networked 
communities, created a pilot study on the 
implementation of sensors to provide real-time 
feedback on farming techniques to increase crop 
yields. The study did not quantitatively measure 
yield increase, but showed that cheap, custom 
sensor nodes can be implemented in an off-the-grid 
area to monitor soil moisture levels. The sensors 
that measure soil moisture levels were both low-
cost and low-power providing real time data 
allowing farmers to modify their irrigation 
strategies. This approach used an Internet of Things 
(IoT) network, an integrated cloud-based network 
of hardware, analytic software, and applications -- 
integration of different components is demonstrated 
in Figure 1.  
Researchers Rupanagudi, Ranjani, Nagaraj, 
and Bhat (2015) from WorldServe Education and 
BMS Institute of Technology in India have studied 
the use of precision agriculture technology on a 
vegetable farm. Their study focused on a robotic 
vehicle designed to capture images from a live 
video feed of the crops. The camera on the vehicle 
was connected to a laptop where algorithms 
determined which crops were diseased. Based on 
the results of the algorithms, a robotic arm was 
designed to spray the crops with a variable amount 
of pesticide in relation to the extent of the disease. 
A similar robotic vehicle was used in a field test 
completed by Yun Zhang, Erik S. Staab, David C. 
Slaughter, D. Ken Giles and Daniel Downey (2012), 
researchers of Biological and Agricultural 
Engineering. The robot used a spot-based sprayer 
that used hot vegetable oil to treat weeds in 
tomatoes. The system eliminated over 90% of two 
weed species while damaging less than 3% of the 
tomato crop. Robotic vehicles of these processes are 
applicable in large scale farms in order to decrease 
plant damage and minimize chemical usage. 
Geographic Information Systems (GIS) are another 
tool which can be applied to precision agriculture. 
An example of this can be found in the 
Chamarajanagar district of India. Experts in soil 
surveying and remote sensing AbdelRahmana, 
Figure	1.	Sensors	collect	data	that	is	sent	to	a	gateway,	such	as	a	cloud-based	platform,	where	the	
information	can	either	be	stored	and	shared,	or	analyzed	to	give	the	user	recommendations 
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Natarajanb, and Hegdeb (2016), employed an array 
of satellite images to extract data regarding soil 
conditions and land suitability, referring to the 
ability of a portion of land to tolerate the production 
of crops in a sustainable way. This information was 
then used to determine what crops were best suited 
for different locations throughout the district, based 
on soil type (FAO 1976, 1983, 1985 and 2007). 
Classifications were given based on soil types of the 
highly suitable class occupying 10.53%, moderately 
suitable class 3.40%, marginally suitable class 
62.52%, currently not suitable class 11.77%, 
permanently not suitable class occupying 0.43%, 
and rock land 11.34% of the total area in the 
district, as seen in Figure 2. The usage of GIS is a 
significant contribution to the technologies that 
make up precision agriculture. In addition to soil 
conditions, these digital maps can be equipped with 
different data layers such as green space, flood 
zones, and watersheds. By having these highly 
specific layers, the user is able to eliminate 
irrelevant visuals, while highlighting the desired 
information. 
 GIS was also used in a smaller scale 
application of aerial-based precision agriculture 
through the use of drones. In a study done on seven 
small-scale farms in China, researchers Cao et al. 
(2012), specializing in agriculture, crop sciences 
and environmental sciences, used GIS to capture 
remote sensing images to detect NDVI, an 
indication of healthy vegetation, and diagnose 
nitrogen (N) deficiencies on a large scale. The study 
concluded that field-specific N management, such 
as drones, are a practical management strategy with 
the potential to save 128 kg of N per hectare. 
Drones with infrared cameras take pictures of the 
crops below to measure the specific NDVI of a 
small region and use GPS coordinates to determine 
when to take each picture, forming a complete map 
of NDVI measurements (Agriculture Drones and 
Precision Agriculture with NDVI, 2018). 
Factors that influence the 
adoption of precision 
agriculture  
The emergence and development of PA 
technology has not been without challenges. There 
have been a variety of different views of PA in 
farming, making its adoption slower than expected. 
Some factors that affect the acceptance of PA are 
specific to farmers, while others are specific to the 
technologies.  
Only some farmers adopt PA 
 Agricultural researchers, Margit Paustian 
and Ludwig Theuvsen (2017), found that only 68 of 
227 surveyed German crop farmers were PA 
adopters. Binary logistic regression analysis 
revealed that the likelihood of adopting PA for crop 
farms increased when farmers had either more than 
16 years or less than 5 years of experience, 
indicating “well-educated, experienced farmers, on 
Figure	2.	Example	of	GIS	map	displaying	land	
suitability	of	Chamarajanagar	district 
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the one hand, and young ICT [internet cloud 
technology]-savvy farm successors, on the other” 
(Paustian & Theuvsen, 2017, p. 716). Young 
farmers are generally more open to using new, 
innovative technologies and “face a lower initial 
hurdle for [PA] adoption due to their education and 
habituation to rapid changes and developments in 
[PA] and ICT [internet cloud technology] in 
general” (Paustian & Theuvsen, 2017, p.713). Other 
studies found that young farmers are more likely to 
adopt PA (see Lences et al., 2014, Walton et al., 
2008; Kutter et al., 2011). As noted by Paustain and 
Theuvsen (2017, p. 713), “Younger farmers who 
have recently finished their agricultural education at 
a university are skilled, motivated, and have a long 
planning horizon, which make them PA adopters, 
looking forward to benefiting from their decision 
for many years to come.” 
 In Greece, a study was conducted on 127 
experienced farmers by researchers Georgies 
Kountios, Athanasios Ragkos, Thomas Bournaris, 
Georgieos Papadavid, and Anastasios Michailidis 
(2017) to observe the educational needs and 
attitudes of agriculture of young farmers. These 127 
farmers — beneficiaries of the “Young Farmers” 
measure from 2001 to 2009 — from the 
Thessaloniki region,  had prior knowledge of 
technology and were further surveyed to determine 
how they perceive the utility of PA. Participants 
revealed that while only 28% had prior knowledge 
of PA, farmers with prior knowledge of PA were 
more likely to agree that PA offered increased 
productivity, raised incomes, and lowered 
production costs. Most of the young farmers 
surveyed agreed or totally agreed that PA products 
are of high quality (71.5%), healthy (81%), safe 
(60.4%), and of high nutritional value (85.7%). 
Furthermore, PA was highly appreciated by all 
respondents regarding its contribution to 
environmental protection (66.7%) and sustainable 
management of land parcels (85.8%). Finally, 
young farmers, both with and without prior 
knowledge of PA, indicated that their opinions of 
PA would be most affected by the opinions of other 
farmers, success stories, and business consultants 
and agreed that utilizing PA would enhance their 
social position (Kountios et al., 2017). 
PA is supported when user-friendly 
  According to Dubravko Culibrk et al. 
(2013), experts on wireless sensor networks, there 
are a number of device characteristics that can 
influence the deployment of PA technologies, 
including universality, scalability, user friendliness, 
automation, precision, and cost. The first two 
features increase the versatility of the device, so it 
can be used in many different contexts. User 
friendliness can also make the use of a device more 
widespread as it reduces the requirement for 
technological proficiency. To provide maximum 
benefit, the technology should also reduce labor 
costs. For example, automated systems that use 
sensing data to perform actions that typically 
require labor, such as watering, are ideal. 
Additionally, some sensors use measurements to 
provide direct recommendations to the user while 
other give raw values. As stated by Culibrk et al.  
 (2013, p. 48), user friendliness is important so  
technologies do not require significant training to 
use. They claim that “Recent developments in 
smartphone applications and operating systems 
should serve as an excellent basis for user-friendly 
interface between the end-user and the WSN 
[wireless sensor network].” 
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Adoption rates vary among 
countries 
 Despite being commercially available since 
the 1990s, researchers in the departments of 
agricultural economics, S.M. Swinton and J. 
Lowenberg-Deboer (2001), indicate that global 
adoption has been uneven both geographically and 
temporally. Adoption rates differ from country to 
country as the adoption of precision agriculture 
technology is dependent of various factors. Swinton 
and Lowenberg-Deboer conclude that PA 
technologies have been adopted fastest where land, 
capital, and labor is most available, such as in the 
United States, Canada, Australia, Argentina, and 
Brazil. On the other hand, adoption has been slower 
in areas with a greater population and less open 
land, but still has human and financial capital 
availability, such as in Western Europe (Swinton & 
Lowenberg-Deboer, 2001). From Kountios and his 
colleagues’ research, assessments indicated that the 
style of agriculture, human capital and the lack of 
specialized personnel of consultancy and education 
have contributed to a delay of PA adoption and 
implementation (Gemtos et al., 2002). Gemtos and 
colleagues (2002) stated that the application of PA 
methods is restricted primarily to cotton production 
and horticulture (as cited in Kountios et al., 2017). 
Some people do not trust PA 
technology 
Some people are uncomfortable with the 
sensitive information that becomes available when 
PA is used. Journalist Carmelo Ruiz-Marrero 
(2002) relates PA to spy technology, detailing how 
the GIS satellite systems used for PA can be 
misused. With this technology, seed development 
corporations can identify genetically modified 
(GM) crops in farms nearby to their own, which 
have been polluted by their pollen. The corporations 
can then sue the farmers who own the fields for 
growing their patented seeds, even though they did 
not intend to grow those types of plants in the first 
place. The initial intention of the PA technology is 
not to antagonize small-scale growers, but it can 
enable this corruption to occur. Similarly, in a 
discussion about the communications of farmers 
with contractors who use PA, Kutter, Siebert, and 
Fountas (2009, p. 14), noted that “farm data is 
considered sensitive and fears of data misuse are 
widespread,” which can hinder this collaboration. 
Table	1.	Summary	of	PA	adoption	factors	
Adoption 
Factor 
Reference Factor that is more 
likely to adopt 
Cultivation 
Experience 
Farmers More than 16 years or 
less than 5 years of 
experience 
Education Farmer Obtained degree from 
a university 
Age Farmer 40 years of age or less 
Prior 
knowledge 
of PA 
Farmer Prior knowledge of 
technology 
Environme
ntal Effects 
Technology Environmentally 
friendly and 
sustainable 
Community 
Influence 
Farmers Peers are using PA 
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Application of precision 
agriculture technologies in 
urban agriculture 
There has been a lot of research surrounding 
the use of PA specifically among farmers in 
traditional agricultural regions. However, the use of 
such technology has not been so extensively 
explored in urban agriculture. The phenomenon of 
urban agriculture is rapidly developing in the urban 
areas of Greece. Importing food from rural to urban 
areas is becoming increasingly expensive and is not 
a suitable option for those who are financially 
unstable, especially for residents in Greece, which 
is currently experiencing an economic crisis and has 
a current unemployment rate of 20.9% 
(Unemployment by sex and age [Eurostat], 2018). 
Urban agriculture utilizes green spaces within cities 
to give people the opportunity to grow their own 
food. The use of these spaces increases municipal 
awareness concerning the value of community 
gardens. Since 2011, municipal authorities have 
taken the initiative to incorporate allotment gardens 
throughout cities in Greece. These municipal 
allotment gardens have become so popular that the 
Ministry of Labour and Social Solidarity, within the 
National Strategic Reference Framework (NSRF) 
2007-2013, established a Public-Private Partnership 
in 2013 to legitimise these gardens. The need for 
and benefits of urban agriculture are discussed in a 
study conducted by researchers Maria Partalidou 
and Theodosia Anthopoulou (2016) in Thermi, 
Greece. The researchers assessed 141 urban 
gardeners’ motivations for joining the garden. 
Following the opening of the garden, interviews 
were followed-up with focus group discussions to 
determine whether perspectives of the benefits of 
the garden had changed. Initial motivations for 
gardening included: economic need, need for 
socializing, desire for greening the city, need to 
grow one’s own food, need for exercise, and need to 
reconnect with nature. Participants were asked to 
rank these needs in order to determine gardeners’ 
priorities. Partalidou’s findings were related directly 
to Maslow’s hierarchy of needs, and two-cluster 
typology was used to break down respondents into 
two categories. The first type are gardeners who are 
driven by either basic-level needs (70.2%), such as 
sustaining a self-sufficient lifestyle and producing 
one’s own food. This high percentage is reflected 
by the finding in the study that many Thermi 
residents had to change the way they purchase food 
to save money, as a result of the economic crisis. 
The second type includes gardeners driven by 
higher-level needs (29.8%), to whom gardening is a 
source of psychological satisfaction and relaxation. 
Despite the initial lack of reporting ‘“need for 
socializing’” as an important motivation, the most 
important outcome of the study, revealed in the 
follow-up, is that all the members of the garden 
developed a sense of belonging. They believed the 
garden to be a place to make friends, feel useful and 
be part of a community again.  
These ideals are influential on the perceived 
value of PA technology. A case study conducted by 
University of London researchers Sara Heitlinger, 
Nick Bryan-Kinnis, and Janis Jefferies (2013) 
examined attitudes toward PA in a community 
garden in East London.  They concluded, that 
“despite the plethora of commercially-available 
sensor based products that either support automatic  
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Figure	3.	PA	sensors	for	small-scale	use.	(GreenSeeker	crop	sensing	system,	2018;	Parrot-Flower	Power,	2018;	WET-2	
Soil	Water	Sensor,	2018;	Gardena	Smart	System,	2018) 
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watering of plants, or let users know that plants 
need watering or a change in nutrients, our findings 
indicate that such automation systems are not in 
keeping with the values of the farm” (Heitlinger et 
al., 2013, p. 592).  The study found that the 
gardeners valued face-to-face interaction more than 
the efficiency promised by PA, and noted that 
efforts to introduce PA in a community setting 
“must be careful not to design away opportunities 
for face-to face connections, serendipitous 
encounters and shared activities in co-located 
space” (Heitlinger et al., 2013, p. 592).  
The potential for implementation of 
precision agriculture into community gardens can 
be assessed through studies on HCI (human-
computer interaction). Research in this area focuses 
on “how people interact with computers and to what 
extent computers are or are not developed for 
successful interaction with human beings” (Google, 
2018). Pertaining to urban gardening, HCI studies 
can be used to improve designs of computer 
platforms so they can be easily adopted by 
communities. As shown by Heitlinger, Bryan-
Kinnis, and Jefferies (2013), the design of precision 
agriculture technologies needs to take into account 
the values and practices of the culture in a 
community garden.  The	 implementation	 of	 technology	 to	 	 	 	 further	empower	 urban-based	 community	 agriculture.	 One	example	 of	 PA	 in	 community	 gardens	 was	implemented	 in	 Budapest	 during	 the																																											spring	 and	 summer	 of	 2013,	 organized	 by	 the	Budapest	Farmers	Hack	 involving	 students	 from	 the	Budapest	 University	 of	 Technology	 and	 Economics	(Englstad,	2014).	Custom	made	internet-based	smart	sensors	 monitored	 growing	 conditions,	 specifically	providing	24-hour	details	on	humidity,	 temperature,	and	 light,	 in	 previously	 unused	 gardens	 throughout	greater	Budapest.	This	information	not	only	reduced	
time	 spent	 tending	 to	 the	 gardens,	 as	 gardens	 could	be	monitored	 from	a	distance,	 it	also	 improved	crop	yield.		
With the improvement of PA technologies, 
smaller and cheaper technologies are being 
developed for use in gardens. The students in 
Budapest made the sensors they implemented, 
however, there are many commercially available 
devices from companies such as Trimble, Parrot, 
Minolta, Delta T Devices, Hanna Instruments and 
many others can be used to monitor plant conditions 
in smaller contexts, like community gardens, see 
Figure 3. 
Sensor data can be used to inform growers 
about various factors of soil health, including 
biological, physical, and chemical factors. All of 
these contributions affect how well plants grow in 
the soil. A salient measurement is the Visible Near-
Infrared Reflectance (VNIR), also known as 
Normalized Difference Vegetation Index (NDVI), 
which uses a differential of visible and near-infrared 
light reflectance off of plants to measure levels of 
chlorophyll, which is indicative of the health of 
plants. One way to obtain these measurements is 
through sensors such as the Trimble GreenSeeker. 
Plants with more chlorophyll have a greater 
capacity for photosynthesis, the metabolic process 
by which plants produce glucose for nutrients 
(Agriculture Drones and Precision Agriculture with 
NDVI, 2018). The device can also connect to the 
Trimble Ag Software Scout App in order to 
compare the values to those of a healthy plant and 
calculate the amount of fertilizer needed to restore 
the plant to optimal health. In the study conducted 
by Cao et al. (2012), the researchers found that 
NDVI values were exponentially related to plant 
nitrogen uptake (R2 = 0.58). This data can be used 
to specify fertilizers with high amounts of nitrogen 
using the Scout App when reading a low NDVI 
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value over an area of vegetation. This way of 
collecting NDVI measurements is more related 
towards gardening as it can be done on small areas 
and provide precise measurements. 
Multifunctional sensors, which measure 
various qualities simultaneously, are also an option 
for PA use in community gardens. One of the more 
versatile sensors is Parrot’s Flower Power plant 
health sensor (Parrot, 2018). This device is placed 
into the soil and detects plant health by taking 
measurements of sunlight, temperature, soil 
moisture, and electrical conductivity. These values 
are sent to a paired smartphone application through 
a Bluetooth connection, where the data is analyzed 
and relayed to the user in the form of advice about 
the maintenance of the plant. Screenshots of the 
advice offered by the application for a grapevine are 
shown in Figure 4. Similarly, the WET-2 is a 
product by Delta T Devices that is specified for 
precision horticulture and soil science research. The 
sensor has the ability to calculate soil moisture, soil 
electrical conductivity and temperature. The device 
can be connected to a compatible data logger, like 
the Delta-T GP2 or GP1, in order to store 
information throughout a garden to avoid the time-
intensive task of manual data logging (WET-2 Soil 
Water Sensor). Hanna instruments 9811 
pH/EC/TDS Meter is also multifunctional sensor 
that measures the pH, soil electrical conductivity 
and the total dissolved solids (TDS) of a specific 
soil sample (HI-9811-5 pH/EC/TDS/°C portable 
meter, 2018). pH is important in determining the 
proper levels of acidity in certain crops for optimal 
growth (Soil pH, 2018). Table 2 displays a list of 
the proper pH conditions for certain crops. 
Obtaining environmental measurements such as 
these with the use of advanced technology can 
immensely improve plant health and crop yield.   
Table	2.	pH	range	required	for	maximum	growth	in	a	variety	of	different	plants	(Soil	pH,	2018)	
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In compliance with multifunctional sensors, 
there exists a PA system that automatically irrigates 
based on garden conditions. The Gardena Smart 
Sensor Control Set utilizes a three-part system 
consisting of the smart Water Control, the smart 
Gateway and the smart Sensor. The smart Sensor is 
placed in the soil and measures soil moisture, 
temperature and light intensity. The smart Gateway 
acts as a router and connects the surrounding smart 
sensors to the Gardena Smart App, where the 
measurements can be accessed and the smart Water 
Control can be managed. In connection with the 
water supply, the smart Water Control opens the 
spigot to send water to the garden sprinkler based 
on specific measurements from the smart Sensor. 
The Smart Sensor Control Set supplies gardens with 
water conditions necessary for proper growth.  
 According to cropping systems and water 
quality researchers, Veum, Sudduth, Kremer and 
Kitchen (2017) from the U.S. Department of 
Agriculture, different measurements can be 
combined together to gain a more comprehensive 
assessment of soil health than use of one 
measurement alone. For example, the VNIR 
measure can be combined with the apparent 
electrical conductivity (ECa), which indicates the 
Figure	4.	Plant	database	from	Flower	Power	Application,	using	a	grapevine	as	an	example	
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mineralogy and moisture of the soil. While the 
visible, near-infrared reflectance (VNIR) can 
accurately estimate the health of the biological 
ecosystem in the soil, it cannot accurately be used to 
determine physical and chemical characteristics, so 
other measurements are required. A combination of 
ECa, pH, and extractable phosphorus and potassium 
measurements can be used to assess the fertility of 
soil, and can consequently be used to assess 
fertilizer requirements (Veum, Sudduth, Kremer, & 
Kitchen, 2017). A great benefit of measurements 
like ECa is that they can be mapped out over space 
and time to depict the variability in fertility of the 
land (Corwin & Lesch, 2005). This information is 
valuable for targeting inputs to only particular areas 
of land, preserving resources and reducing 
environmental detriments. 
Opportunities for the 
application of PA technologies 
in community gardens in 
Thessaloniki 
Our project focused on three community 
gardens in the greater Thessaloniki area– KIPOS3, 
PER.KA, and Sykies (Figure 5). The gardens vary 
in origin, and purpose, size, placement within the 
city space, and number of gardeners, as well as 
operations and organizational structure (Figure 6 ).  
Figure	5.		Locations	of	community	gardens	in	Thessaloniki	(Google	Maps) 
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27,000 square meters with 130 gardeners 
The community makes decisions together
in an assembly and elects leaders. Each
PER.KA has a different structure. 
Municipality provides some water that is
used sparingly. They accept PER.KA as an
advocacy group working towards the
common objective of protecting public
land (Athanassiou, 2017). 
PER.KA
300 square meters with 33 gardeners 
Managed by Eleftheria Gavriilidou.
Gardeners control their own plots,
organically. Plots that have not been
cultivated the previous year are given
away to incoming beneficiaries. 
Municipality assisted in funding the
creation of the garden and provides
unlimited water. 
KIPOS
SYKIES
1,000 square meters with 60 gardeners 
The municipality selects gardeners from
applications and provides guidelines on
gardening practices. 
Municipality provides agriculturalists for
supervision and management as well as
drip irrigation systems and water. 
COMMUNITY GARDENS IN 
THESSALONIKI
Figure	6.	Overview	of	Community	Gardens	in	Thessaloniki 
	Page 20 of 61		
In its report on building a more climate 
resilient city, the Municipality of Thessaloniki, 
discusses a comprehensive plan to strengthen the 
physical, economic, and social foundations of the 
city (Gavriilidou & Ritou, 2016). The plan 
promotes urban agriculture and community gardens 
to “bring together new and existing communities, 
exchange cultural experiences and increase social 
cohesion” (Resilient Thessaloniki, 2017, p. 84).  
KIPOS3 
 In 2015, a team of students from Aristotle 
University in Thessaloniki, Eleftheria Gavriilidou, 
Holm Kleinmann, Eleni Oureilidou, and Sarantis 
G.Z. Zafeiropoulos, developed a proposal to better 
utilize open and underutilized spaces in 
Thessaloniki as part of a project and received an 
award to make their idea a reality (Figure 7).  
The research led to the creation the KIPOS3 
gardens in 2015 (Gavriilidou et al., 2015). The 
garden is located about 1.7 km from the White 
Tower and contains an experimental vineyard, the 
community garden and an orchard. Specific to the 
garden, KIPOS3, there are currently 30 members in 
an area of 300 m2 with a total cultivation area of 80 
m2. Each gardener is issued one to three raised beds 
with an area of about 4 m2. One of the founders, 
Eleftheria Gavriilidou coordinates outreach through 
a website and Facebook page that includes 
information about the garden to people who might 
want to join.  
PER.KA 
In 2011 PER.KA members illegally 
occupied the former military camp Pavlos Melas-
Karatasou (Figure 8). As described by Gavriilidou 
et al. (2015), the group started with common 
political action against authorities. PER.KA is a 
space used to unite individuals in co-production, 
with an emphasis on equality, and cooperation 
between urban dwellers, farmers, producers and 
	Figure	7.	Boxed	region	indicates	the	cultivation	area	of	
KIPOS3	(Google	Maps) 
Figure	8.	Aerial	view	of	PER.KA	(Perennial	Cultures,	2011) 
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consumers through self-sufficiency (Interzones 
Playground, 2018). The PER.KA founders tapped 
into the city water system and divided the area in 
parcels of 35 m2. PER.KA currently consists of 
seven numerically labelled growing areas, each with 
approximately 15 separate plots, in which gardeners 
are free to grow whatever they like. Each PER.KA 
also has empty plots which are open to incoming 
gardeners. There are 130 members currently in the 
garden and each garden was created with natural 
cultivation using traditional seeds (Perennial 
Cultures, 2011).  
Sykies A and B 
The community gardens referenced as 
Sykies A and Sykies B (Figure 9), were developed 
by the municipality of Neapoli Sykies in 2012. 
According a report published by Interreg 
Mediterranean (2018), a program that allocates 
funds from the European Union, the initial funding 
for the garden was provided the European Social 
Fund. However, the municipality has taken over 
funding with an annual budget of 51,000 euros to 
support three full-time agriculturalists (Lapujade, 
2018). To date, both gardens span an area of 1000 
m2 and are used by some 20 families with 40 m2 
plots designated per family. Through an application 
process, the municipality assigns the plots to 
families based on economic and social criteria (see 
full description in Appendix A) like unemployment, 
marital status, and one-parent families (Gavriilidou 
et al., 2015).  
Interest in expanding precision 
agriculture to community 
gardens in Thessaloniki 
The American Farm School (AFS) (2017) 
offers courses in PA technology through 
undergraduate and graduate studies at Perrotis 
College. Graduates from this school use PA 
technology in their farming practices. Initiatives 
offered by the AFS for PA can be applied to 
community gardens, as large scale PA technology 
has adapted to be equipped in these small-scale 
environments. Our team is working with Dr. 
Abraham Mavridis, an adjunct professor at Perrotis 
College who is an expert in PA and GIS 
technologies, to identify opportunities for PA use in 
urban community gardens in Thessaloniki. Dr. 
Mavridis has demonstrated a variety of sensors that 
are applicable to community gardens such as the 
Parrot Flower Power, Delta T Devices WET-2, and 
the Trimble GreenSeeker. The continuation of these 
efforts by the AFS to indicate PA suitable for use in 
this small scale would influence the uptake of PA in 
community gardens.  
Similarly, Smart AKIS would like to 
introduce urban food producers to PA. The web-
based platform, Smart AKIS (2016), was developed 
in June of 2016 by Smart AKIS consortium, 
specifically by BioSense Institute, and provides 
information about PA in several European 
languages. Sections of the website provide detailed 
information for different stakeholders, including: 
farmers, innovation brokers, researchers, and Figure	9.	Aerial	View	of	Sykies	A	(left)	and	B	(right) 
	Page 22 of 61		
providers of PA technology solutions. The website 
also includes an event calendar for workshops 
throughout the European Union regarding 
innovations in PA practices. A free, six hour 
workshop titled “Finding the Funding – The 
Research and Business Guide to Smart Agri-Tech 
Funding” introduces local and national funding 
streams and to provide motivating case studies to 
help inspire the development of new PA 
innovations. Farmers can attend workshops in order 
to further their understanding of the technology, 
apply it in their own farms, and share this 
information with other farmers. 
Outreach efforts by the American Farm 
School and Smart AKIS provide opportunities for 
interested parties to learn about PA. While both 
institutions have worked closely with both large and 
small scale farmers, they have not developed 
training programs on PA for the growing numbers 
of community gardeners in Thessaloniki since the 
start of the economic crisis. Presently, little is 
known about the interests and motivations of 
community gardeners in Thessaloniki to use PA 
technologies or to what extent such technologies 
could encourage gardeners to share the information.  	  
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Methods 
The goal of this project was to understand 
how PA technology is perceived by community 
gardeners. We focused on responses to sensor 
technologies and Geographic Information System 
(GIS) mapping. All data was derived from 
interactions and observations of gardeners from 
three urban gardens in Thessaloniki: KIPOS3, 
PER.KA, and Sykies. Our project was guided by the 
following objectives: 
1) Identify current gardening practices to 
assess utility of PA sensors 
2) Develop GIS maps that analyze soil 
variability across garden plots 
3) Assess interests and motivations of 
community gardeners in the Thessaloniki 
region to engage with sensor technology and 
GIS mapping technologies developed 
through GIS mapping. 
4) Create opportunities to share sensor data 
among community gardeners. 
Identify current gardening 
practices to assess utility of PA 
sensors 
We used the following criteria from the 
literature to inform our selection of sensors for use 
in community gardens: interface-type, data 
presented, user friendliness, cost, ease of sharing, 
and availability in Greece. The most important 
criteria were the data the sensor provided, as that 
determines the functionality of the devices, and how 
the information could be shared. Therefore, we 
searched for sensors that could connect to 
smartphones via Bluetooth or Wi-Fi and provide 
direct recommendations to the user. 
Because we anticipated that the sensors 
would be more affordable when shared, we used 
technologies that were portable and small, so they 
could be circulated around the garden.  Our 
selection was also informed by the availability of 
sensors readily available in Greece so that gardeners 
would be able to purchase their own in the future. 
Considering these factors, we used the 
Parrot Flower Power, Trimble GreenSeeker, and the 
Hanna Instruments HI 9811 pH/EC/TDS meter (see 
Table 3). We purchased two Parrot Flower Powers, 
to use in addition to the two owned by Perrotis 
College. This device was unavailable in Greece, but 
could be ordered over Amazon. From 
measurements of soil moisture, temperature, 
electrical conductivity, and sunlight, it provides 
recommendations directly to the user, as seen in 
Figure 10. Therefore, it is ideal for users who do not 
have much cultivation experience. Community 
gardeners are not professional cultivations, so they 
fall into this category. One limitation of the Flower 
Power is that it does not connect over Wi-Fi, so 
readings cannot be viewed remotely. Electrical 
Conductivity measurements can also take 24 hours 
before the application gives recommendations. 
Technologies like the WET sensor can provide this 
information immediately, but the sensors are 
expensive, and the ones owned by Perrotis College 
were malfunctioning. 
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The GreenSeeker was used to measure the 
health of plants, a handheld device offering an easy-
to-use sensor that provides immediate results 
(provided by Perrotis College). GreenSeeker has the 
capability to either take individual measurements by 
aiming the device at one spot of vegetation or to 
calculate the average NDVI on an area over which 
it is swept. We used readings from this device, 
along with soil samples, to make GIS maps of 
NDVI, pH, and EC of PER.KA. 
Table	3.	Table	of	sensors	that	were	chosen	for	demonstrations	and	GIS	mapping	
Figure	10.	Plant	needs	and	advice	given	by	Parrot	Flower	Power 
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Mapping soil quality to enable 
community gardens to share 
information about gardening 
practices  
GIS is a PA technology, which can be used 
in a community garden to create maps about soil 
quality from sensor data. Such maps were 
particularly relevant to PER.KA, where current 
members assign plots to newcomers, and also 
consider cultivating new areas. We hoped they 
could use the information about soil quality to 
inform these decisions as well as to learn how to 
improve their own plots. We chose PER.KA 3 
because they showed the most interest in our 
project. We collected data, mapped it, and presented 
it to PER.KA 3 gardeners.  
 Before collecting soil samples from 
PER.KA 3, the team visited the garden and sketched 
the layout of the plots. We then used the software 
Sketchup to create a model of the garden, as seen in 
Figure 12, which was used to guide our soil 
sampling process.  
With the guidance of Dr. Abraham 
Mavridis, we took measurements of NDVI, soil pH, 
and soil moisture from select points throughout 
PER.KA 3. To create a full, comprehensive GIS 
map, we gathered coordinates of the PER.KA plots 
using an iPhone app called Coordinates – GPS 
Formatter. The coordinates of the four corners of 
the outlining each plot were recorded. To measure 
NDVI, we used the GreenSeeker device from 
Perrotis College in plots with vegetation, measuring 
each crop row every two meters to provide some 
variability in the data. Soil pH was measured by 
collecting 1-3 soil samples per plot, depending on 
the plot size. Each sample was stirred and placed in 
a moisture free environment for over 24-hours to 
Figure	11.	Collecting	and	analyzing	soil	samples	(top	photo	
by	Bob	Hersh) 
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dry. In the lab at Perrotis College, 20 g of each 
sample was mixed with 20 g of water and placed in 
a centrifuge and shaker to dissolve electrolytes and 
separate the solid and liquid layers. Using the HI 
9811, the precise pH and EC of the water were 
measured, following the procedure in Appendix B.  
Using the QGIS software and the data we 
collected, Dr. Mavridis from Perrotis College 
mapped out the variability of soil conditions in 
PER.KA. To create the maps, he first enabled the 
‘Openlayers’ plugin to find the location of the 
garden through the satellite images of Google Maps. 
The respective coordinates were imported through a 
CSV file in ArcMap. New layers were incorporated 
into the system manually to contain the pH, EC and 
NDVI. Additional mapping elements, such as North 
Arrow, Scale and Legend were incorporated in a 
specific order and placed in the map, so as to enable 
the end-user to understand and use efficiently. We 
presented the maps to a group of four PER.KA 3 
gardeners to identify their perspectives on the utility 
of the maps. 
Assess interests and motivations 
of community gardeners in the 
Thessaloniki region to engage 
with sensor technology and GIS 
mapping technologies  
Establishing Connections in the 
Community Gardens 
WPI students from previous projects had 
worked with the members of KIPOS3. From that 
engagement, they had connected with a gardener 
who has plots in both KIPOS3 and PER.KA, 
Giannis Karatakis. We contacted him to show us 
around KIPOS3 and PER.KA. Another important 
player in our project was Eleftheria Gavriilidou, 
Figure	12.	Model	of	PER.KA	3	garden	created	on	SketchUp.	Green	spaces	represent	cultivated	plots,	yellow	represents	
plots	that	have	been	cultivated	but	are	now	abandoned,	and	red	represents	open	areas	that	are	completely	
uncultivated. 
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who created KIPOS3 and currently manages the 
organization of the garden.   
In order to conduct our research in the other 
gardens, we had to first get permission. PER.KA is 
organized such that the gardeners make decisions 
collectively at their monthly assembly. We wrote a 
proposal to conduct our research in PER.KA 
(Appendix C), translated by Giannis and sent to 
PER.KA prior to the assembly. Giannis 
accompanied us to this assembly and translated 
what was being discussed. During the meeting, we 
briefly introduced our project and we were given 
permission to conduct further research on site. Of 
the seven PER.KA’s the gardeners of PER.KA 3 
were the most interested in our work, so we 
conducted our research there instead of at PER.KA 
as a whole. We got involved with the community 
garden in the municipality of Neapoli Sykies 
through a meeting arranged by Dr. Mavridis with 
the lead agriculturalist, Ioannis Kamarligos, from 
the municipality.  
To enhance our relationships with these 
gardeners and facilitate conversations, we looked 
for ways to engage with the communities other than 
just interviews. At KIPOS3, we worked to clean out 
the overflowing compost bin. In PER.KA, we 
collected soil samples and NDVI measurements. 
This allowed the gardeners to be familiar with us 
and contributed towards our GIS maps. 
Conducting Interviews and Data 
Collection 
For all interviews, we followed the consent 
script outlined in Appendix D and recorded 
conversations and observations either by hand or 
with an audio recording device, depending on 
whether the setting was quiet enough to record. One 
challenge we faced was the language barrier. Most 
of the gardeners did not speak English, so we tried 
to ensure that Giannis, Eleftheria, or Dr. Mavridis 
were present to translate. The gardeners we 
interviewed consisted of a convenience sample, 
based on who we were able to contact. Our modes 
of contact were facebook; phone calls by mutual 
contacts, such as Eleftheria and Kamarligos, and in-
person interactions at the garden. This may have 
caused us to have skewed our data, as gardeners 
with facebook or phones may be more receptive to 
new technologies. We visited each garden about one 
time per week to reach the most people possible 
without use of technology to schedule meetings. 
Because Sykies is only unlocked from 8:00 AM - 
12:00 PM, we went there in the mornings. PER.KA 
gardeners typically garden at all hours, and KIPOS3 
gardeners were at the garden during nights, after 6 
PM, and weekends. 
We conducted in-depth, semi-structured 
interviews with knowledgeable representatives of 
each garden. We chose to speak with key 
informants from each garden who were 
knowledgeable about their respective garden’s 
history and community function. 
In-depth interviews are exploratory and 
enable the interviewer to clarify responses and 
probe for more detail in order to understand the 
participant’s experiences and the conclusions that 
they have drawn from them (Doyle, 2018). In the 
interviews we addressed questions from Appendix 
E, such as how the different gardens started, how 
they evolved, who is involved in gardening, and 
how the gardens operate and are managed. 
We also used the semi-structured interview 
technique when speaking with individual gardeners 
to learn more about current gardening practices as 
well as individual gardening experiences. However, 
with most gardeners we interviewed, we conducted 
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group discussions (see details below). This 
simplified the scheduling process, which made it 
easier to ensure we had translators available for 
interviews. In addition, we hoped that the 
discussions among gardeners would help elicit 
additional information, as per a focus group. A 
summary table of how many interviews were 
conducted in each garden is shown in Appendix F.  
Conducting Group Discussions and 
Technology Demonstrations 
Our goal was to have group discussions, as 
outlined in Figure 13 to learn about the initial 
perceptions of community gardeners towards 
precision agriculture technology and to learn about 
their experiences with gardening and their 
gardening practices. After making our introductions 
and developing rapport, we demonstrated the 
technology, using the Parrot Flower Power as an 
example and explained what it measures and the 
types of recommendations it can make, showcasing 
screenshots we had taken of such recommendations. 
The gardeners then discussed among themselves 
what they thought of the technology, which was 
then translated to us from Greek to English. We 
asked probing questions to determine their 
perceived utility of the technology, access to 
smartphones, and willingness to share the 
technology in the garden (see Appendix E).  
Our first group interview at KIPOS3 was 
organized by Eleftheria by direct phone calls to 
gardeners. Karmalingos similarly organized a group 
discussion at Sykies, which we conducted the 
following week. Immediately following the group 
discussion at PER.KA, we gathered together the 
interested gardeners and performed a demonstration 
and group discussion, as detailed above. 
Afterwards, we gave two Flower Power sensors to 
Giannis to share with the gardeners in KIPOS3 and 
PER.KA. We did not leave any sensors at Sykies 
because there is an issue of theft within the garden. 
We interviewed 29 community gardeners and two 
key informants. We followed up with two 
community gardeners.  
To analyze and code the group discussions 
and semi-structured interviews, we used substantive 
coding found in the classical grounded theory 
(Evans, 2013; Glaser, 1992). This type of coding 
sorts the data into categories where themes are then 
extracted from those categories.  
The grounded theory takes all data into 
account, including newspaper articles, questionnaire 
results, social, structural and interactional 
observations, interviews, casual comments, global 
and cultural statements, historical documents, 
whatever is available that allows the researcher to 
explore all aspects of the theory (Evans, 2013; 
Glaser, 2007). Once themes were extracted from the 
Figure	13.	Group	discussion	structure	
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data, we identified the perspectives of precision 
agriculture in community gardens and other factors 
such as: motivations for gardening, community 
demographics and dynamics, and socioeconomic 
conditions. In addition to drawing conclusions from 
the spoken responses of gardeners to the 
technology, the team also assessed any observations 
they made about attentiveness, activities, etc. 
Introducing GIS maps to 
community gardeners 
 After creating GIS maps of soil pH and ECa, 
we scheduled a group discussion with four 
gardeners from PER.KA 3. In addition to the maps, 
we provided tables of ideal pH values for a variety 
of plants, as well as healthy ECa values (Appendix 
G).  The purpose of the group discussion was to get 
feedback from the gardeners on how valuable they 
perceive the visualization of soil characteristics. To 
add further depth to the presented information we 
advised the gardeners of organic recommendations 
to raise or lower the pH and ECa values. These 
maps, tables, and recommendations were left in the 
garden common area and posted to the PER.KA 3 
Facebook page by Giannis, in order to reach all the 
gardeners.  
Creating opportunities to share 
information about PA among 
community gardeners 
Kountios et al. (2017) showed that the 
perceived utility of PA technology is greater in 
farmers with prior knowledge of it. Therefore, we 
focused on introducing community gardeners to 
various aspects of PA and to provide opportunities 
for the information to be shared. We first used 
facebook to create an online forum through which 
all gardeners of KIPOS3, PER.KA, and Sykies 
could collaborate. We collaborated with Smart Akis 
to add information about sensor technology in 
community gardens to their website. Although there 
is no section to specify PA devices for community 
gardeners, we submitted requests to apply devices 
that are applicable to gardeners and available for 
display in their open platform. Devices included the 
Parrot Flower Power, Delta T Devices WET-2, 
Trimble GreenSeeker and Gardena smart System.  
Facilitating community gardeners’ 
communication through an online 
forum 
To facilitate conversations about precision 
agriculture among community gardeners in 
Thessaloniki, we created an online forum that acted 
as a community support group for gardeners in 
PER.KA, Sykies, and KIPOS3. We decided to do 
this using Facebook since it did not require 
excessive maintenance after its establishment. This 
provided a sustainable format for group discussions 
about the technology. The Facebook page contains 
information regarding precision technologies and its 
functionality in the garden. Pictures of the 
recommendations provided by the Flower Power 
were uploaded to show the widespread capabilities 
of the device in addition to informative sections 
including instructions on how to use specific 
devices. 
This online connection created a 
community-based network for gardeners. Although 
some gardens already had their own pages, this new 
page included all gardeners in Thessaloniki and 
facilitated communication with each other to 
expand their gardening network. Gardeners now 
have the ability to share different techniques that 
they found helpful to their garden with other 
gardeners. Facebook is a common platform for 
communications in community gardens. For 
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example, Partalidou (2016) refers to the Facebook 
page used by allotment gardeners in Thermi, 
Greece. On this page, people can “‘share their 
problems, ideas and comments,’” (p. 223) which 
eases the way in which gardeners can learn from 
each other. This is the goal of our page as well. 
Unfortunately, this platform is limited in its reach. 
As stated by Heitlinger, Bryan-Kinns, and Janis 
Jefferies (2013), when using technologies to 
organize the garden which require access to the 
internet, “large sections of the community may be 
excluded from the design” (p. 592).  
Providing information online about 
PA for community gardens 
Kutter, Tiemann, Siebert, & Fountas (2009) 
cite a study in Greece (Petrou, 2002), which 
determined that the internet becomes an important 
information source for PA in the absence of 
abundant specialized advisors and professional 
literature. As we have shown, there is not much 
literature on use of PA in community gardens, 
particularly in Greece. In addition, though there are 
educational programs to teach the technology, there 
are no outreach efforts to bring these technologies 
to gardens. Therefore, there is a need for adequate 
information on the internet about how PA can be 
used in community gardens. To fill this need, we 
have requested to input this information onto the 
Smart Akis website (https://www.smart-akis.com/) 
in hopes of making PA knowledge more accessible 
to community gardeners.  
Using visual representations of soil 
variability to facilitate conversations 
about gardening practices 
In addition to serving as a technological 
example of PA, to aid in our gathering of gardeners’ 
perspectives, the GIS maps were used as an 
experimental method of sharing information among 
gardeners. On a farm, GIS mapping is a visual 
representation of the soil variability. We theorized 
that seeing this variability would be particularly 
useful in a garden setting, where different 
cultivators have different practices. If the soil in one 
plot is more fertile than another, for example, the 
use of maps could potentially facilitate 
conversations among gardeners about what they do 
differently to make their soil better. When we 
showed the maps to gardeners, we observed how 
they interacted to explain the maps to each other 
and to identify different gardening practices that led 
to the soil variability among plots.  
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Findings 
Identify current gardening 
practices to assess utility of PA 
sensors 
 After evaluating sensor options, we chose 
the Parrot Flower Power to use for demonstrations 
to gardeners. We considered factors found by 
wireless technology experts Dubravko Culibrk et al. 
(2013) including universality, scalability, user 
friendliness, automation, precision, and cost. 
Following this purchase, we retroactively assessed 
whether or not this particular sensor is compatible 
with the values of community gardeners. In a 
discussion of sensor design, Heitlinger, Bryan-
Kinns, & Jefferies (2013) argue that the most 
appropriate sensors to use in a community garden 
are those that can “reflect and support [the] values” 
(p. 591) of the gardeners. We found that a lot of 
gardeners’ cultivation practices are related to the 
functions of the Parrot Flower Power. 	
For devices to be ideal for use in 
Greek community gardens, they 
must be accessible.  
We searched for devices that were sold in 
Greece, but we found that availability of these 
technologies is minimal. A sales representative at 
one of the larger DIY stores distributed Gardena 
products, however, they did not supply the Smart 
Sensor Control Set, but it is scheduled to be sold in 
Greece next year. We bought a €10 pH sensor, 
which we tested in the Perrotis College lab, using a 
more accurate HI 9811 pH probe for comparison. 
When placing the pH sensor in different soils and 
solutions of known pH, the reading on the dial did 
not change. We concluded that the cheap sensors, 
although available in Greece, are unreliable. After 
discovering the lack of suppliers of precision 
agriculture, we searched online for devices that 
could be shipped to Greece. We found several 
useful multifunctional sensors, however, a majority 
of them could not be shipped to Greece because of 
distributer restrictions. The Parrot Flower Power 
was the one sensor we found that was affordable, 
got good reviews, and was able to be shipped to 
Greece in a timely manner. All multifunctional 
sensors we found required a complementary app to 
access data and/or cultivation recommendations. 
Therefore, smartphones were a vital component to 
the successful implementation of these 
technologies. We will discuss access to 
smartphones in the upcoming sections. 
An additional technology we evaluated was 
independent smartphone applications. Our sponsor 
Dr. Mavridis suggested we look into Field Scout, 
Field Manager, and AgriSync. After downloading 
these applications and exploring their 
functionalities, we determined they were not useful 
for implementing PA. Field Scout is intended to use 
Figure	14.	Parrot	Flower	Power	sensor 
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a smartphone camera to assess plant disease and 
insect damage, however, after using this function 
we found that it is ineffective at identifying damage. 
Field Manager is an app for documenting field 
activities for large-scale farms. Though this could 
be useful for organization of a field, it does not 
identify any form of temporal-spatial variations. 
AgriSync connects farmers to agriculturalist 
through video chat or live messaging. This, again, is 
not a PA functionality.  
Community gardeners in 
Thessaloniki prefer cultivating 
organically 
           Through our discussions with community 
gardeners, we discovered the practices they use to 
grow and maintain their crops. At each of the three 
gardens, people use organic cultivation practices, as 
opposed to conventional practices, which involve 
use of chemical fertilizers and pesticides. In fact, 
organic farming is required by the gardeners in the 
Municipality of Neapoli Sykies’ garden, as seen in 
Appendix A, article 3, section A.5. In all of the 
gardens we worked with, they did not use any 
chemical pesticides or synthetic fertilizers, but 
instead used organic alternatives such as manure 
and compost. Giannis Karatakis, an active gardener 
of both KIPOS3 and PER.KA 3, conducted his own 
experiment in PER.KA 3 to see how effective this 
approach to fertilization was by growing side by 
side plots of one square meter, one with pea plants 
in soil that he enriched with seaweed, bamboo bark, 
and compost; the other with pea plants without any 
fertilizer. The plot of fertilized peas was nearly 
twice the size of the control group.  
The use of organic fertilizers was observed 
in many plots throughout PER.KA 3, KIPOS3, and 
Sykies. All the gardeners we spoke to, regardless of 
location, found it important to grow organic 
produce, both for health benefits and to reduce 
damage to the environment. As stated by Pantelis, a 
gardener in PER.KA, he gardens to have food that 
“is untouched by chemicals” (April 13, 2018). 
Pantelis organically enriched his soil through the 
use of manure from his brother’s farm. Results from 
Hughner et al. (2007) show that major motivations 
for consumption of organic produce are 
environmental concerns, health, and food safety. 
These values are aligned with the motivations that 
gardeners have to cultivate and consume organic 
foods.  
Figure	15.	Giannis’	pea	plants:	fertilized	(left)	and	non-fertilized	
(right)	
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Managing environmental inputs, 
such as water and sunlight, is 
important for gardeners to ensure 
crop success         
 An older couple, Nicole and her husband, 
were among the first members to join KIPOS3 and 
maintain three plots in the garden. This couple, 
along with two gardeners with a background in 
technology, Alexandro and Stelios, manage their 
crops’ exposure to sunlight by covering their plots 
with a net awning. Alexandro commented on the 
importance of this in the summer as these awnings 
can block up to 30% of sunlight, providing shade to 
prevent the sun from burning their plants.  
In the hot summer climate of Thessaloniki, 
when there is little rainfall, irrigating crops is an 
important consideration in each of the three 
community gardens. In Sykies, the municipality 
provides water and drip irrigation systems to all 
gardeners. Aries, a gardener at Sykies, noted that 
over-consumption of water was not much of a 
concern and that he will often ignore the drip 
irrigation system all together and spray his crops 
with a hose instead as it requires less management 
and is more timely. KIPOS3 gardeners also have 
consistent access to municipal-supplied water. Most 
gardeners connect a hose to a central tap to water 
their plots, although we have seen a drip irrigation 
system in use. However, in PER.KA, access to the 
municipal water supply to irrigate crops is limited. 
Gardeners have devised a rainwater collection 
systems to manage their plots. However, the high 
	
Figure	17.	Greenhouse	at	PER.KA Figure	16.	Netting	to	provide	shade	to	plants	in	KIPOS3 
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cost of the containers and minimal rainfall has made 
it difficult to fully address their water issues. In the 
summer, when water demands are at their highest, 
PER.KA establishes a rotating schedule for 
irrigation to manage water usage among the seven 
sections of PER.KA.  
Precision Agriculture must be able 
to support current gardening 
practices 
The previously discussed gardening 
practices  were a guiding factor that influenced 
gardeners’ perceptions of the utility of PA.	 During 
an in-depth interview with Panos, a gardener from 
PER.KA 3 who was interested in using sensor 
technology, he said “I grow my food organically. If 
the sensor tells me to use chemicals, I will not use 
it” (April 12, 2018). This perspective was expressed 
by gardeners at PER.KA 3 and KIPOS3 during 
group discussion. The technologies that we 
introduced to the gardeners provide neutral 
information to the user; the measurements taken by 
the sensors, whether NDVI, ECa, or soil moisture 
do not indicate to the user whether to use organic or 
conventional methods of cultivation. Measurements 
of soil moisture are more related to the drip 
irrigation that gardeners use. Recommendations 
provided by the Flower Power can determine the 
appropriate time to water their garden without 
overwatering. Other measurements, like sunlight, 
are correlated with the net awning gardeners use to 
reduce the amount of sunlight to their crops. The net 
awning can be applied or removed based on 
sunlight requirements displayed in the sensor’s 
database and measurements taken. 
Devices must be affordable enough 
to be shared among a community of 
gardeners 
Attitudes about costs varied by garden and 
gardener. At PER.KA, after our Flower Power 
demonstration, gardeners expressed that €90 was 
easily shareable for members of PER.KA 3. In 
contrast, KIPOS3 gardeners had less interest in 
sharing the sensor and so they saw the costs of the 
Flower Power sensor as prohibitive and were far 
more sensitive to the cost of the Flower Power and 
precision agriculture in general. One gardener from 
the KIPOS3 group discussion, stated “the power is 
in the knowledge, not the measurement” (March 30, 
2018). Knowledge is referred to as an understanding 
Figure	18.	Rainwater	collection	system	at	PER.KA	
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of the techniques required to take care of the garden 
properly. The consensus from the group was that 
measurements of soil qualities are not valuable 
enough to warrant the investment, as they can 
simply rely on their own gardening knowledge. In 
Sykies one gardener, Angela, suggested that people 
would be interested if the municipality paid for and 
provided  the sensors, as this is the only way that 
they would be able to afford it, stating that “if it was 
given to [them], [they] would appreciate it, but 
money is the main issue” (April 19, 2018). This 
opinion of affordability reflects the findings of 
Fountas et al. (2009) in their study, which concludes 
that high cost of technology is a contributing factor 
that has slowed the dispersion of PA. 
Assess interests and motivations 
of community gardeners in the 
Thessaloniki region to engage 
with sensor technology and GIS 
mapping technologies  
The perceptions of PA technology by 
community gardeners in Thessaloniki varied greatly 
among the three gardens. These perceptions are 
dependent on many different factors, both on the 
community level and on the individual level.  
Gardeners have different 
motivations, which may affect 
whether or not PA is in-line with 
their goals and values  
Interviews at KIPOS3 revealed that a 
majority of members joined because it was 
conveniently located near their residences. This 
convenience aligned with their reported motivations 
for gardening, as most interviewees stated that they 
valued socialization, exercise, and connecting with 
nature and that increasing crop yield was not a high 
priority to them. Many gardeners from KIPOS3, 
such as Stelios, Alexandro, Nicole, and Evi, which 
represent nearly all KIPOS3 gardeners we spoke to, 
had little-to-no interest in the technology because of 
their lack of interest in production.   
An older gentleman at KIPOS3, Stavros, was 
adamant about his opinion that PA technology 
would not be useful for him in the garden. He stated 
that gardening “is to help [his] psychology” because 
he “[has] a lot of problems” to cope with in life 
(April 18, 2018). This sentiment was also found by 
Partalidou and Anthopoulou, as many gardeners use 
gardening “to get away from the anxiety of 
everyday life caused by the austerity measures” (p. 
220) of the economic crisis. For people like Stavros, 
the value of gardening is beyond the food it 
produces. The intangible benefit was the enjoyment 
of the work itself. PA technology is not in line with 
his goals, as it would not benefit his psychology. 
 Stelios from KIPOS3, who works in IT 
services, stated “my job is technology 100%. We 
come here to relax from our daily stress. [I] don’t 
care about the plants.” He claimed not to need 
Figure	19.	Stelios'	drip	irrigation	programmer 
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sensor technology, like the Flower Power, in his 
garden. However, when informed about the 
Gardena Smart Sensor Control Set, he found it 
interesting to reduce the labor required to maintain 
their garden until hearing it was sold for around 
€400. Instead, Stelios purchased a programmer that 
connects to a soil sensor made by Gardena. It has 
similar functions as the Gardena Smart Sensor 
Control Set such that it waters the garden depending 
on the soil moisture. This supports the findings of 
Kountios et al. (2017), that having prior knowledge 
of technology eases the uptake of PA, because of 
Stelios’ knowledge of technology. 
Some gardeners in PER.KA 3 demonstrated 
that they garden because they enjoy socializing in a 
community while connecting with nature. Pantelis 
had little interest in using technology and claimed “I 
do it for my own enjoyment, and to give my 
grandchildren natural food from the earth.” (April 
13, 2018). These gardeners have the same views as 
the gardeners studied by Waliczek et al. (1996), 
who found that gardening is done for health and in 
pursuit of pleasure. 
On the other hand, many people do care 
about the rudimentary benefit of producing their 
own food. Giannis started gardening on his rooftop 
so he could provide his own food for himself. He 
says that producing his own food “gives [him] a 
feeling of freedom” (March 19, 2018) and 
independence, as he does not have to rely on other 
people to live. He expressed that it is important for 
him to someday produce all of his own food and 
was excited by the prospect that PA could help him 
achieve this goal. When he tested the Flower Power 
in his own garden, he thought it was “very 
interesting to know for the specific plant if the 
nutrition is okay or not” (April 18, 2018). Based on 
feedback he got from a friend who had used the 
Flower Power before, Giannis stated that the Flower 
Power itself is not very useful for people who have 
a lot of cultivation experience, but it is good for 
people like him who are still learning. Despite his 
acknowledgement of the shortcomings of the 
Flower Power, he was still interested to learn more 
about PA and plans to collaborate with the 
gardeners of PER.KA 3 to buy sensors. 
In a group discussion at Sykies, seven 
gardeners were asked about their motivations for 
gardening. They all agreed that they garden as a 
hobby but noted that food production was important 
as well.  
As was found by Partalidou (2016), some 
people care strongly about fulfilling basic needs 
through food production while others garden to 
satisfy higher level needs, such as improving their 
quality of life in the city.  Every gardener has their 
own unique balance of these values and priorities. 
Despite initial motivations for joining a garden, 
community gardens often provide intangible 
benefits of belonging to a community and settling 
back on rural ideals. Figure	20.	Ben,	Collin,	and	Giannis	(left	to	right) 
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Given these variable advantages of 
gardening, introducing technology has the potential 
to either enhance reduce the value of the gardening 
experience, depending on the individual. 
Community dynamics influence the 
way in which PA technology and the 
information it offers is shared 
Because not all gardeners have smartphones, 
they must share technologies amongst themselves to 
access PA. The ability to share technology is one 
factor of community dynamics. Other relevant 
factors of community dynamics are the levels of 
collaboration in cultivation practices and the 
amount of municipal support provided to gardens. 
Each garden had different community dynamics and 
different levels of organization with regards to 
sharing technology. 
PER.KA 
The most collaborative group we spoke with 
was the gardeners of PER.KA . In PER.KA, the 
members make decisions as a whole during monthly 
assemblies. They are independent from the 
municipality, and value their independence highly. 
As such, they operate on their own, making rules to 
hold themselves accountable. This is the preferred 
method by the people here, as Panos stated, “as 
soon as you get help from the municipality, you 
have something else coming from behind” (April 
12, 2018). This attitude is in-line with how PER.KA 
was formed, as a group of people with similar 
political ideologies who got together to assert their 
independence. 
PER.KA is split up into seven different 
sections, which function independently and have, 
according to gardeners of PER.KA, different 
dynamics among them. In PER.KA 3, the section in 
which we spent the most time and where Giannis 
Figure	21.	PKE.KA	assembly 
Figure	22.	PER.KA	gardeners	making	compost	tea 
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has his plot, the gardeners share seeds, hay, and 
compost tea, which they make themselves. They 
also paid for their rainwater collection system by 
pooling together their money. In past years, they 
have also ordered materials, such as manure, in 
bulk. These are all examples of how collaboration 
within a community garden and sharing of 
resources can benefit the ease of cultivation. 
This strong culture of collaboration helped 
facilitate the sharing of the Flower Power. In 
PER.KA 3, a significant amount of gardeners did 
not have smartphones, however, this did not 
completely restrict individual access to the 
information from the sensor technology. During the 
group discussion at PER.KA 3, there were nine 
members and only four owned smartphones. When 
told that the Flower Power, as well as most soil 
sensors, require a smartphone to access the 
information, they eagerly responded that they can 
share with each other so that everyone could use the 
Flower Power. PER.KA 3 has a regular practice of 
sharing seeds among member in order to maintain 
traditional crop varieties. This tradition of 
community collaboration encouraged sharing of the 
Flower Power sensor of interested gardeners to 
utilize the Flower Power. This sharing worked well 
in PER.KA 3 and many gardeners got to experience 
using the technology themselves and in their own 
plants. 
The strong community environment was 
evident through the presentation of the GIS maps in 
PER.KA 3. Although only four members from 
PER.KA 3 were available to attend the presentation, 
the gardener Pantelis specifically asked to scan the 
maps to distribute them to the other gardeners. This 
initiative to share information is indicative of a 
community that highly values collaboration. In 
addition, the ability to share information increases 
the likelihood of successful PA implementation. 
Kountios et al. (2017) found in their research that 
community has a large influence on one’s personal 
decision-making process, as farmers are more likely 
to adopt new technology if they note success stories 
and obtain positive feedback from other farmers. 
This phenomenon is likely to occur in a community 
garden where collaboration and communication are 
high. 
KIPOS3 
KIPOS3 was developed by Eleftheria with 
help from the municipality of Thessaloniki as a top 
down initiative, unlike PER.KA, which was a 
bottom up effort.  According to Eleftheria, this 
created an allotment where people, who were more 
focused on their individual plots and saw the garden 
as a hobby, with an additional bonus of being able 
to create their own organic food. While the 
gardeners are willing to give advice to those with 
less experience and water each other’s plants when 
they are away, this is mostly the extent of their 
collaboration in cultivation. Giannis even went as 
far as to assert that, if he were to leave for a month 
and have someone water his plants, they would do 
so, but they would also take his harvest. He claims 
this would never occur in PER.KA. This can be 
Figure	23.	Gathering	at	KIPOS3 
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interpreted in one of two ways: that the gardeners of 
KIPOS3 can’t trust other members of the garden or  
that the gardeners have such a strong bond that they 
are comfortable sharing their produce. Eleftheria 
states, “What kept me in this was the enthusiasm of 
the people. We became friends,” conveying the 
relationship of the gardeners. This statement was 
substantiated when we planned a gathering at the 
garden, and about fifty people showed up to 
KIPOS3 with food and drink. 
 Despite the friendliness of the gardeners, 
people rarely collaborate in regards to cultivation. 
In regards to more collaborative interaction, 
Eleftheria said “nobody cares about anything 
outside of their own [garden] beds” (April 2, 2018). 
This assertion is reinforced by the disrepair of 
infrastructure such as the community composter and 
the rock garden, which contains herbs for all 
gardeners to maintain and use. Despite having a 
composting system with specific instructions on it, 
people neglect to attend to the maintenance of the 
system, leaving it unusable. Access to necessary 
technologies such as smartphones and internet was 
not an issue that arose, as a majority of gardeners 
we interacted with had both. This was consistent 
during both group discussion and individual 
interviews. Despite this access to technology, 
people still were unwilling to share the Flower 
Power, and they did not react to Giannis’ Facebook 
posts advertising its availability in the garden. For 
this reason, we determined the community’s lack of 
collaboration in conjunction with a general lack of 
interest made the sharing of the Flower Power 
sensor nearly non-existent. 
Sykies 
The Sykies garden has an even lower level 
of community collaboration. This is not to say 
people do not enjoy the social aspect of the garden, 
as Anna said “Even though they are not neighbors 
in where they all live she feels like it’s a 
neighborhood.” Rather, low collaboration refers to a 
lack of joint cultivation efforts. There are several 
possible explanations for this dynamic. Sykies is 
closely controlled by the municipality through the 
presence of dedicated agriculturalists, a member 
application process (Appendix H), and a detailed 
list of rules and guidelines (Appendix A & I). Part 
of these guidelines is that every gardener must 
reapply every year to renew their membership. This 
type of unstable ownership likely has negative 
effects on gardeners, as they are unsure if the time 
they invest towards improving the quality of their 
garden will be helpful in the future.  The 
municipality also completely supports the garden 
financially, and members do not pay any dues. For 
example, the municipality provides drip irrigation 
systems, fences, and composters to the gardeners, 
and they have their seeds donated to them by a 
horticulture company called Agris. This eliminates 
the need to collaborate to buy supplies. There is not 
as much need for collaboration within this garden 
either, as most of the gardeners have some level of 
prior experience, whether it be working on a farm or 
helping out in their family gardens. Finally, there is 
an issue in the garden where some gardeners steal Figure	24.	Overflowing	compost	bin	at	KIPOS3 
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crops out of each other’s plots. One interviewee 
reported that this mentality makes her sad, as people 
put a lot of effort to grow their food, only to have it 
stolen by their neighbors. Because of this theft 
issue, gardeners were skeptical if sharing 
technologies like the Flower Power would be 
feasible. One gardener, Angela, said that “leaving 
the device would definitely be a problem...people 
would steal it” (April 19, 2018). 
In addition to having low community 
collaboration, there is a lack of access to 
technology, including smartphones and their 
applications, which ultimately had a negative effect 
on the utilization of technology in the garden. It was 
found in a group discussion at Sykies on April 3rd 
that only one member of a group of 7 gardeners had 
a smartphone and the others did not even have 
access to the internet. These findings confirm the 
conclusions of Tsakanikas et al. (2014), who note 
that Greece has low activity in the frequency of 
internet use, the use of electronic transactions and 
obtaining electronic devices. This hindered the 
efficiency of communication between gardeners. 
During an interview with Ioannis Karmaligos, he 
discussed how the only way for gardeners to 
communicate was in person, at the garden. In order 
to coordinate events, Karmaligos had to call 
everyone individually. Another limiting factor in 
the access to technology is the extremely low 
income of the gardeners. During the first group 
discussion, when the price of the sensor was 
mentioned, people quickly lost interest and even 
walked away from the group to tend to their 
gardens. All of these factors, from low income, to 
lack of collaboration, to lack of smartphones make 
for poor feasibility of small-scale PA technologies, 
supporting the findings of Heitlinger, Bryan-Kinnis 
and Jefferies (2013) of the lack of ability to adopt 
PA without smartphone access. 
Knowledge required to use 
technologies affects the perceived 
value of the technology 
In general, Giannis enjoys learning about 
new ways of gardening and new technologies. He 
attributes this openness to the fact that he had no 
prior knowledge of cultivation before he started his 
gardens.  Gardeners must be motivated to try new 
things to accept PA. According to him, he is “an 
empty cup” (March 19, 2018), ready to be filled 
with knowledge. In contrast, some gardeners are set 
in their ways and do not want to integrate new 
technologies into their practices. They feel that their 
methods are sufficient to produce a fruitful harvest, 
so they do not see the value in PA and do not want 
to put the time into learning about how to use 
technology. Stavros expressed this attitude. When 
he was asked why he would not consider using 
technology in his garden, he responded that he has 
experience with farming and therefore does not 
need technology. Because he trusts the utility of his 
methods, he does not see a need to change them.  Figure	25.	Drip	irrigation	watering	system	at	Sykies 
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Use of technology always requires a 
learning curve. This is easily surmountable for 
some, but not for others. Giannis cited this as a 
source of resistance to PA when he stated that 
“some people may be interested but don’t know 
how to connect to the app or set it up” (April 19, 
2018). When an older woman at Sykies, Anna, was 
asked how she could imagine using an automated 
watering system, she stated that she would like 
technology like this but would not know how to use 
it. In this case, she was not opposed to PA, but she 
could not conceive that this type of technology 
would be user-friendly enough for her use (April 
18, 2018). Paustian and Theuvsen (2017) 
substantiate this example in their finding that older 
individuals, who have not grown up with 
technology, typically have more difficulty learning 
how to use PA. 
GIS is a valuable technology for 
community gardens, as it is simple to 
interpret 
The GIS group discussion at PER.KA 
consisted of four gardeners.  After being showed the 
maps of soil pH EC, and NDVI, the gardeners 
unanimously expressed that they highly valued 
information displayed. We further explained the 
implications of the pH and ECa values through a  
Figure	26.	GIS	map	of	pH	in	PER.KA	3	
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Figure	27.	GIS	maps	of	EC	(top)	and	NDVI	(bottom)	in	PER.KA	3	
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table of ideal numerical ranges, as well as an open 
discussion. During the discussion, we described 
different organic methods of adjusting the soil 
chemical properties to best fit their specific crop 
needs. One gardener expressed his perceptions of all 
this information by saying, “it’s like a gift from 
God. Without this [map] we would just be guessing 
what is in the soil.” Although only four members 
from PER.KA 3 were available to attend the 
presentation, Pantelis specifically asked to scan the 
maps to distribute them to the other gardeners. 
Another comment that Pantelis made about the 
maps was how the soil quality was representative of 
how much time different gardeners had to cultivate 
their plot. In other words, he noticed that gardeners 
who invested more time and effort into their crops 
had noticeably better soil conditions reflected in the 
GIS map. This is an example of how GIS can be 
used to identify how differences in gardening 
practices can affect soil quality 
As a whole, they all reacted more positively 
to this form of PA technology than the Power 
Flower, even collectively conveying interest in 
pooling money together to purchase a pH sensor. 
This is controversial to the sentiments expressed by 
PER.KA 3 gardeners during the first group 
discussion, during which they said that it was not 
worth investing 200 euros for a pH sensor. This 
indicates that PA is perhaps more valuable when 
fully understood and contextualized. The fact that 
the gardeners perceptions of pH and sensors that 
measure pH changed completely after being shown 
the full potential of the technology suggests a strong 
correlation between the understanding and 
acceptance of PA.  This finding supports research 
done by Kountios et al. (2017) who claim that 
farmers who are familiar with PA, understand the 
benefits and are therefore more receptive to the 
technology.	
Improvements are needed to 
better equip PA technology for 
use in community gardens  
While searching for devices to introduce to 
community gardeners, the most accessible, 
affordable, and practical sensor we were able to find 
in Greece was the Parrot Flower Power. However, 
through hands on demonstrations with community 
gardeners, the limitations of this technology have 
been exposed, as well as potential features that 
could optimize performance in a community setting. 
More immediate data collection 
would improve utility  
In the case of the Flower Power, the fact that 
the sensor must be left in one spot over an extended 
period of time to collect data and receive 
recommendations makes it difficult to use it among 
different species of plants and to share the sensor. 
Andrianos, from PER.KA 3, pointed out this 
limitation, saying, “If I have 40 crops, I need 40 
sensors.” This is somewhat of an exaggeration, as 
the Flower Power is capable of providing real-time 
data on soil moisture, sunlight and temperature. 
However, to fully utilize the device it should remain 
in the same location for at least twenty-four hours.  
During a group discussion on April 3, Sykies 
gardeners also identified this issue, discussing how 
it would be difficult to collect all the available data 
while sharing the device amongst each other. 
Similar findings were shown in the study done by 
Culibrk et al. (2013). The authors’ claim that 
responsiveness -- provide continuous monitoring 
and respond rapidly -- is an important capability of 
a versatile sensor. Therefore, a more appropriate 
technology for community gardeners would be one 
that can be stuck into the ground and get readings 
immediately or monitor many different types of 
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plants at once. For example, there could be a 
technology with multiple sensor nodes that all 
connect back to multiple smartphones at once. 
Similar such technologies have been developed on a 
research basis (Zeni et al., 2015; Englstad, 2015), 
however no such devices, which are geared toward 
community gardening, are currently sold 
commercially. 
Equip devices with WiFi capabilities 
to improve data access and sharing  
The Power Flower can only pair to one 
phone at a time and pairing a new smartphone 
caused confusion among some of the gardeners, 
which ultimately impeded the sharing process. For 
example, while visiting PER.KA 3 Giannis wanted 
to move the Flower Power from his pea plants to 
Costas’ cherry tomatoes. While observing him go 
through the process of adding an additional plant to 
the sensor’s profile and pairing it to another 
smartphone we noticed the app was slow to detect 
the sensor and even slower to connect. Once set up 
with the new plant, the device still had residual data 
from the pea plants which required Giannis to start 
the whole process over to remove the data. This 
system was clearly not designed optimally to be 
frequently moved between plant types and passed 
between users. The major limitation lies in the 
Bluetooth connection. Bluetooth restricts the 
amount of connections a device can make to only 
one. A much more effective form of connection 
would be through WiFi. Because precision 
agriculture technologies already require access to 
smartphones, changing modes of connection from 
Bluetooth to WiFi would not further restrict 
availability of the technology. This alternative 
would also provide several improvements to the 
system which have been demonstrated in previously 
discussed studies by Zeni et al. (2015) and Englstad 
(2015). One of these improvements is the ability to 
remotely monitor soil conditions without having to 
be within Bluetooth range. A gardener from Sykies 
found value in this because it would save them from 
needing to go to the garden if their crops did not 
require attention. Another benefit of WiFi 
connection would be the ability for the device to 
autonomously upload data to the application (rather 
than only when the user is in range and connect 
through Bluetooth) which could be accessed by 
multiple users simultaneously without interrupting 
the data collection process. Similar WiFi based 
garden systems are sold commercially, such as 
Gardena Smart Sensor, PlantLink Lush, and 
GreenIQ Controller; however, these systems are 
only for irrigation control. The development of a 
multifunctional soil sensor which connects through 
WiFi would be a valuable asset in a community 
garden setting. 
Research Limitations 
 To select interviewees, we first contacted 
gardeners through key informants, who either 
posted on Facebook groups or called individual 
gardeners. As our research shows, some gardeners 
did not have phones or Facebook. The only way we 
accessed such gardeners was by traveling to the 
gardens and having chance encounters. In addition, 
only gardeners who were comfortable speaking to 
us either in English or with a translator were 
interviewed. This inhibited in-depth conversations 
at times as well as the diversity of interviewees. The 
available gardeners may not have spanned the entire 
demographics of age, experience level, and purpose 
for gardening. 
 Conducting this research in the Spring was 
challenging because the gardeners were between 
Winter and Summer cultivations. Some of the plots 
were empty, and many gardeners had not yet sewn 
seeds. In the Summer, gardeners attend the garden 
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more frequently, as there is a higher demand for 
watering and harvesting. In addition, there was not a 
lot of vegetation in the plots, so we could only take 
NDVI measurements for four of the 25 plots in 
PER.KA. This may have affected our data as the 
findings could vary depending on the season. 
Future Work 
Based on our findings, our team believes 
there is value in further analyzing the compatibility 
between PA and community gardens. Future 
research in this could be to analyze the community 
dynamics of each garden and how they play a role 
in the gardeners’ perceptions of PA. This could 
encompass the idea of sharing compatibility of 
sensors, trust amongst a community, and cost 
efficiency of technology. Community sharing of 
technology in a garden can be assessed after leaving 
a sensor with the gardeners for at least a year. One 
would be able to assess the sharing dynamics, 
utility, and long-term interest in using technology in 
an urban community garden setting. 
 Motivations of gardening were found to 
affect the perception of PA, but no statistical studies 
were done to determine a correlation between them. 
A study like this would add value in assessing 
adoption factors and perceptions of PA in 
community gardens. 
Finally, analysis of the success of the 
community gardens Facebook page and the  reach 
of the information added to Smart Akis could 
indicate the interest in community gardeners in 
Thessaloniki to learn about PA. 
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Appendix 
Appendix A: Rules of the Municipality of Neapoli Sykies 
garden 
 
Municipality of Neapolis Sykies 
 
RULES OF MUNICIPAL VEGETABLE GARDEN 
 
May 2017 
 
ARTICLE 1 - OBJECTIVES 
The urban vegetable garden has been divi in three municipal sections (Neapolis, Pefka and 
Sykies) and includes 100 small gardens which are provided for free use to residents of the 
Municipality of Neapolis Sykies after their request.  The purpose of providing the use of small 
gardens is the fruit and vegetable cultivation by beneficiaries for their own use in order to cover 
part of the nourishment needs of their families. Part of the yield (at least 10%) will be provided 
in nourishment service and social grocery of the municipality. 
The choice of the beneficiaries is done in a transparent manner, taking into account economic 
and social factors (unemployment, marital status, income, one-parent-family, specific criteria, 
etc.). 
 
ARTICLE 2 – OBLIGATIONS OF THE  STRUCTURE 
The municipality undertakes the commitment to grant the use of the urban vegetable garden and 
cares about the following: 
Water supply for free irrigation, 
Providing farming tools, 
Ensuring plants and / or seeds and distribution of them to beneficiaries, 
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The municipality is not liable for loss of materials or tools that one grower will leave unattended 
in the field of municipality’s vegetable garden, 
The municipality is not responsible for theft or damage to the crop itself, 
The municipality reserves the right to organize in the space of vegetable garden events open to 
the public. 
 
ARTICLE 3 - OBLIGATIONS and RIGHTS OF BENEFICIARIES 
The beneficiaries who will be settled after their selection, will receive a copy of the regulation 
and sign installation protocol from which the following rights and obligations will arise: 
A. Liabilities 
Acceptance and compliance with the regulations of the Municipal urban vegetable garden. 
Prohibition of the granting of urban vegetable gardens to third parties. 
Prohibition of the entry into the urban vegetable garden beyond the hours and days of operation. 
Changing of the limits of urban vegetable garden is not allowed. Each farmer must provide its 
access within the garden without encroaching neighboring gardens. 
The cultivation of vegetable gardens granted must be done only by organic methods, without the 
use of chemical fertilizers, herbicides, insecticides and fungicides. Only use of organic materials 
(organic manure or approved organic soil improvers). All these require the accordance of the 
agronomists of the municipal vegetable gardens. 
You may not sell the goods that are produced in their municipal vegetable gardens to third 
parties. 
The 10% of yields of vegetable production should be given to the Social Grocery of the 
municipality. 
Planting of fruit trees in municipal vegetable gardens is not allowed. 
Growers should ensure diligently their municipal vegetable garden. In case of abandonment, the 
municipality has the right, upon written notice and 15 days period the grant area to the next 
recipient (with certain exceptions, such as illness etc., and only after prior information to / the 
responsible / s has been provided) 
Growers should take care of the cleanliness of personal vegetable garden and public areas of the 
municipal vegetable garden area. 
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Growers should respect and not to cause damage through their operations in the adjacent 
municipal vegetable gardens. 
Growers should clean the space from the remnants of their cultivation, in which they will grow, 
and deliver the garden in the condition they have received it. 
If a farmer has created greenhouse facility and not renewed the right crop next year must remove 
materials that have placed (plastic). If not removed, the grower is not entitled to any claim. 
Do not allow any intervention in the natural vegetation of the area. 
Unnecessary waste of water is forbidden. The watering should be done according to the 
instructions of the responsible agronomist of the Municipal garden. Growers are required to close 
the valves of their gardens before they leave the the Municipal garden area. 
II. Rights 
Growers can use non-permanent, but stylish, soil coverage additions for the cultivation of early 
vegetable varieties (glass) or creating incubators. 
It is allowed planting of ornamental plants in the public areas, after consultation with the 
Municipality’s Green Space Agency. 
Growers have the right to use the common areas of the total area for recreation with their 
families, under the condition that they maintain the area clean and they do not disturb anybody 
with their behavior. 
 
ARTICLE 4 - DURATION OF ESTABLISHMENT OF BENEFICIARIES 
Beneficiaries are installed in the municipal vegetable garden for one year with a right on the part 
of the municipality of renewal of their stay for a second year, if they so request with updated 
documentation and no other / s candidates / s are existing. 
The municipality annually makes a public announcement of receipt of new applications. After 
the deadline of applications from interested citizens, the municipality examines the new 
applications and also, from those who are already installed that have expressed interest in the 
renewal of their stay for a second year. 
The already established growers are obliged to leave their garden if their application will not be 
approved for renewal for residence in the municipal vegetable garden, after the publication of the 
list of the new beneficiaries. 
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The municipality is not responsible if, by the end of the right for cultivation, there are in the area 
growing vegetables. 
 
ARTICLE 5 - REASONS FOR ELIMINATION OF GROWERS BY MUNICIPAL 
VEGETABLE GARDENS 
Beneficiary who is chosen and installed in the municipal vegetable gardens, he/she loses the 
right to cultivate and eliminated upon the recommendation of the responsible officer for the non-
commitment to the Rules, if he/she doesn’t cultivate for a month the garden or displayed without 
notice and justification for more than 15 days, as long as he has previously been informed. 
The managers of the municipal vegetable garden can decide the expulsion of farmers, upon 
recommendation of the responsible, municipal employee, for violation of the regulations, 
discussing the complaint presence of growers at whose expense is this complaint manuscript 
written. 
Possibility of complaint for violation of the regulations or bad behavior to third parties are 
entitled to submit to the service and the growers themselves. If mediation contact person is 
unsuccessful, the continued proper functioning of the municipal vegetable garden, the complaint 
being considered by those responsible for the vegetable garden in the presence of both parties. 
Telephones: Municipal Vegetable Garden   2313 502 235 (Agriculturists) 
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Appendix B: Procedure for measuring soil pH and electrical 
conductivity (EC) in a 1:1 ratio soil: water extract 
 
The “Centrifuge” Method 
 
Weigh 20 grams of air-dried soil and 20 grams (20ml) or distilled water in a plastic centrifuge 
tube. Record the total weight of the plastic tube + lid + soil + water. It is very important for all 
samples to have the exact TOTAL weight, since they will be rotated with extreme speed in the 
centrifuge and any imbalance may cause serious problems! If necessary, add a bit more water, 
using a 1 milliliter pipette. 
Put the tubes in the mechanical shaker for about thirty minutes at around 200-300 rpm. 
Place the tubes (in multiples of 2s, i.e. 2, 4, or 8 samples) in the centrifuge and rotate for five 
minutes at 4000 rpm. 
Remove the tubes and measure the pH and the EC (using the double function electrode) with the 
tip of the electrode touching on the clear extract. 
 
Important Notes: 
A calibration of the pH-EC meter must be done before every measure, especially if it was not 
used for more than two weeks. If this is the case, you must make a standard solution for pH and 
EC to use the calibration procedure 
Use three replications at least for each soil or water sample. 
Make absolutely sure that ALL centrifuge tubes inserted in the centrifuge weigh exactly the 
same. 
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Appendix C: Request letter for PER.KA to collaborate with 
gardeners 
 
Dear PER.KA, 
 
We are a group of four American university students from Worcester Polytechnic 
Institute (WPI) near Boston. We are in Greece until the beginning of May doing research with 
faculty at the American Farm School on new sensor technologies to help community gardeners 
learn more about soil characteristics and plant health. We are currently collaborating with 
community gardeners at KIPOS3 and would like to extend our research to PER.KA. We visited 
PER.KA recently with Giannis, who gardens at both KIPOS3 and PER.KA. He suggested we 
write you to ask permission to introduce gardeners at PER.KA to this technology and to learn 
how they might use it, if they find it valuable, and how the information could be shared among 
PER.Ka gardeners. If given permission we would visit PER.KA three or four times during the 
next month and show gardeners, individually and in groups, how to use the sensors and how to 
interpret the soil and plant data. We have limited time in Greece, and so it would be very helpful 
to us if we could meet you in the next week to discuss our research and, with your permission of 
course, to begin collaborating with PER.KA gardeners. Our email is smartfarms@wpi.edu. 
 
Please let us know your thoughts and we look forward to your reply! 
 
Sincerely, 
Erica Davis (6945020737), Ben Leveillee (6949062372), Sophia Gervasio (6949062175), and 
Collin Saunders (6945020692) 
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Appendix D: Oral consent script for community gardeners 
 
We are a group of students from WPI in Massachusetts, conducting a project. We would like to 
work with you to see how precision agriculture can fit into a community garden setting. 
Precision agriculture is use of sensors and smartphone applications to monitor soil and crop 
conditions, so a farmer can know exactly what their plants need. Today, we will be interviewing 
you as a group. We will be here to help guide this discussion, but feel free to talk amongst 
yourselves and take the conversation in new directions. Before we begin, we would like to get 
your consent to use the content discussed today in our final paper. In addition, please let us know 
whether or not we may use your name in writing. We are completely willing to keep comments 
anonymous if you so choose. The group discussion will be recorded for our use only. We would 
like to be able to reference back to it later on, but we will not share it with anybody outside our 
project group. Please sign this form to give your consent, indicating whether or not we can use 
your name. If you are uncomfortable with this, let us know if there is anything we can do to 
change that. After today, we would like to have further interaction with those of you who are 
interested, which we can discuss at the end of this exercise.  
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Appendix E: Questions considered when conducting semi-
structured interviews with gardeners and garden 
supervisors  
●      What are current gardening practices in several communities in the Thessaloniki region? 
How can precision horticulture be easily integrated into these routines? 
●      What do community gardeners currently have in order to support precision agriculture (ie. 
phone, wifi, internet, electricity, bluetooth)? 
●      What worth do community gardeners in the Thessaloniki region view advanced technology 
having in gardens? 
●      Is motivation for gardening a significant factor in their perceptions of precision 
horticulture? 
How will precision horticulture play a role community involvement? 
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Appendix F: Timetable of Interviews 
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Appendix G: pH ranges for specific plant types and EC 
ranges for proper plant growth 
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Appendix H: Translated application of entry into garden of 
Municipality Neapoli-Sykies 
 
Municipality of Neapoli Sykies  
Application: 
  
Surname:________________________ 
Name: __________________________ 
Father’s Name: ___________________ 
Address:_________________________ 
Street Number: ___________________ 
Municipality: _____________________ 
P.O. Box: ________________________ 
Telephone Number: ________________ 
  
  
  
Date Applied: _____________________ 
  
  
 
 
 
 To: 
Municipality of Neapoli-Sykies 
  
I request to obtain a plot for cultivation and 
personal use in the community garden in this 
city section: 
o Sykies 
o Neapoli 
o Pefkon 
This is the first time I request: 
o Yes 
o No 
 Required Paperwork: 
§ Copy of ID 
§ Background Check 
§ Proof of unemployment time 
§ Marital Status 
                                    The Applicant, 
  
  
                                                (sign) 
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Appendix I: Instructions for beneficiaries of the 
Municipality of Neapoli Sykies garden 	
We ask for guidance from agronomists on the spatial distribution of plants (eg, planting 
distances), co-cultivation, planting depth and method, cultivation practices (eg, fertilization, 
supports, water needs per plant species). 
We irrigate according to the instructions of the responsible persons. We never leave the valves 
open (not even half-open). 
We do not violate the limits of our personal garden. We make sure to leave corridors within our 
garden so that we do not step into the next-door gardens to pass. 
We inform by phone either the agronomists or the social worker if we cannot come to the 
vegetable garden, especially when it is a period of growing needs of plants in cultivation care. 
We observe and respect the working hours of the vegetable garden. We estimate the time that we 
will need to provide for the care of our plants and our garden. 
We do not leave our personal items in the vegetable gardens’ warehouse. 
We always return the tools to their place (we do not leave them wherever  they are, we do not 
keep them in our garden for personal use). 
We clean - wash the tools and sprayers before returning them. 
We take care to get our harvest on time (before the plants or fruits begin to rot). 
We always go our harvest for weighing and recording before we leave the vegetable garden. 
During harvests, we bring as many bags as we need + 1 for the percentage that we will leave for 
the social grocery store. 
When harvesting, we place each species in a separate bag so that weighing is done quickly and 
accurately. 
If a benefactor from a neighboring flower garden asks us to serve him (eg watering his plants or 
harvesting his yield, etc.), we first inform the responsible agronomists in order to get in touch 
with the owner of the garden and then we proceed with any additional action. 
The members of the Municipal Urban Vegetable Garden are at your disposal to give guidance 
and support to whatever and whenever you need it. 
 
OFFICE TELEPHONE OF LECHANOKIPOS 2313 502235 
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